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Abstract
The star cluster formation is a prime mode of the star formation in not only the present galaxies but also
an early universe following the hierarchical cosmology. Globular clusters (GCs) are known as the oldest,
velocity dispersion supported compact star cluster. The observation has suggested the relationship between
the velocity dispersion σ and luminosity L exhibits σ ∝ L1/2 in GCs, steeper index than the other dispersion
supported dwarf galaxies, which show σ ∝ L1/4. The origin of such separation is still unclear. Recent
observations have revealed that the cosmic reionization takes place at z ! 6. Hence, the existence of strong
ultraviolet (UV) background is predicted at the epoch of GC formation. The UV radiation significantly
contributes to the state of the gas through the photoionization of hydrogen atoms, photoheating, and
photodissociation of hydrogen molecules. Thus, the self-shielding eﬀect is a prime condition to form the
stars, and the dynamical property of the star cluster depend on the procedure of self-shielding eﬀect.
In the case when the gas cloud is irradiated by a weak UV radiation, the self-shielding region immediately
forms, and the stars promptly form in the shielded region (prompt star formation). On the other hand, if
the background intensity is strong enough to photoionize the bulk of the cloud, the low mass cloud evaporate
since its gravitational energy is suﬃciently small contrary to the thermal energy. However, if the cloud is
irradiated at the phase when the infall velocity exceeds the sound speed of the photoionized gas, the cloud
continues to contract with higher kinetic energy dissipation due to its strong thermal pressure. Eventually,
the cloud is self-shielded against the background radiation and begin to form the stars at a compact region
(supersonic infall). As a result, GC-like compact star cluster form. One-dimensional spherically symmetric
radiation hydrodynamical simulation have proposed such a novel branch and argued that the supersonic
infall would be possible to occur at the higher (1 < σ) overdensity peaks in a ΛCDM cosmology framework
(Hasegawa et al. 2009).
However, it is well known that the eﬃciency of self-shielding is aﬀected by three-dimensional inhomogene-
ity. Moreover, in the case when the background radiation is quite anisotropic, the self-shielded region is also
anisotropic. The one-dimensional calculation cannot treat such eﬀects, thus, the contraction and star forma-
tion process in three-dimension is still open to discussing. To assess the questions, we have performed the
three-dimensional radiation hydrodynamical (3D-RHD) simulation. In our simulation, three-dimensional
hydrodynamics (SPH), non-equilibrium chemical reactions, radiative transfer, and gravity of the dark mat-
ter are fully taken into account. According to the prediction of the one-dimensional calculation of Hasegawa
et al. (2009), we have generated the inhomogeneous gas cloud mass of 106−7M⊙ that correspond to the high
σ overdensity peak, embedded them in one-sided, and isotropic background radiation field and explored the
contraction process of the cloud. Also, we have calculated the star formation in the self-shielded region and
pursued the dynamics of the star cluster by N -body calculation.
As a result of 3D-RHD calculation, we have found the anisotropic ionizing structure in one-sided back-
ground radiation. However, in the case when the gas cloud is irradiated by the strong UV background at
the phase of supersonic infalling, the contraction of photoionized gas with strong kinetic energy dissipation
have been observed regardless of anisotropy of background radiation. Also, self-shielding and star formation
takes place in the compact region of ∼ 10 pc. Contrary to the supersonic infall, when the background
radiation is weak, the self-shielding region immediately forms and stars begin to form before dissipating a
suﬃcient infall energy. As a result of N -body calculation, we have found the stellar-dominated star cluster
in diﬀuse dark matter halo in the case of supersonic infall. On the other hand, in the case of prompt star
formation, resultant star clusters tend to be the diﬀuse, dark matter dominated stellar system. We have also
compared our clusters with observation. As a result, star clusters formed via supersonic infall seems to be in
good agreement with observations concerning the half-mass radius, mass-to-light ratio, and σ-L relation. As
for star cluster formed via prompt star formation, their properties are similar to dwarf spheroidal galaxies
rather than GCs. Our result suggests that the UV background radiation regulates the dynamics of the low
mass stellar system in an early universe. In particular, regardless of anisotropy of background radiation,
supersonic infall seems to be a plausible theoretical scenario for old GC formation.
